The effect of silver nanoparticles on composite shear bond strength to dentin with different adhesion protocols
In Dentistry, restorative materials and oral bacteria are believed to be responsible for restoration failure. To make long-lasting restorations, antibacterial agents should be made. Inorganic nanoparticles and their nano composites are applied as good antibacterial agents. Objective: The purpose of this study was to investigate the effect of silver nanoparticles on composite shear bond strength using one etch and rinse and one selfetch adhesive systems. Material and Methods: Silver nanoparticles were prepared. Transmission electron microscope and X-ray diffraction were used to characterize the structure of the particles. Nanoparticles were applied on exposed dentin and then different adhesives and composites were applied. All samples were tested by universal testing machine and shear bond strength was assesed. Results: Particles with average diameter of about 20 nm and spherical shape were found. Moreover, it was shown that pretreatment by silver nanoparticles enhanced shear bond strength in both etch and rinse, and in self-etch adhesive systems p 0.0 . onclusions: onsidering the positive antibacterial effects of silver nanoparticles, using them is recommended in restorative dentistry. It seems that silver nanoparticles could have positive effects on bond strength of both etch-and-rinse and self-etch adhesive systems. The best results of silver nanoparticles have been achieved with Adper Single Bond and before acid etching.
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We do not know exactly whether the incorporation of silver NPs would interfere with bond strength of dental restorative materials 16, 19 . Until now, only few studies have determined the effect of silver NPs on composite shear bond strength (SBS). Adhesion mechanism is based on the penetration of resin molecules into enamel and dentin 22 . Bond strength of dental composites to dentin is one of the main criteria in clinical durability of composite restoration. Therefore, in this study we examined whether an 
XRD pattern of silver NPs was obtained by a DX-1000
The effect of silver nanoparticles on composite shear bond strength to dentin with different adhesion protocols X-ray powder diffractometer (DX-1000X, Dandong
Fangyuan, China) 17 .
Specimen preparation
Ninety extracted, noncarious human premolar teeth were cleaned and stored in 0.1% thymol solution for one week. The teeth were prepared using a diamond bur (4138 KG Sorensen, Barueri, Brazil) and a high-speed handpiece under water coolant up to the nearmost half of the DEJ to the pulp, which is the proposed location for measuring bond strength of composites, so that no pulp exposure occur in the preparation site. Then the exposed super cial dentin surface was polished using silicon carbide paper (600 grit) under water coolant to standardize the smear layer. The teeth were rinsed with distilled water to remove any debris and then mounted in acrylic resin (2×3×5 cm) and randomly divided into six groups (n=15).
The specimens' preparation was based on the type of employed adhesive system and tested silver NPs In all groups tested the application of silver NPs were followed by a 60-second rinse with water.
Adhesive systems were applied following the manufacturer's instructions (Figure 1 
SBS measurement
Specimens were stored in distilled water at 37°C
for one week and then they were tested in shear mode using a rod attached to the universal testing machine 
Results

TEM and XRD analysis
The size and morphology of particles were assessed using a TEM (Figure 2 ). TEM image shows silver particles with average diameter of about 20 nm and with spherical shape.
A typical XRD pattern of the as-prepared silver NPs is shown in Figure 3 . All peaks in the XRD pattern can be indexed as a face centered cubic (fcc) structure The effect of silver nanoparticles on composite shear bond strength to dentin with different adhesion protocols materials with NPs; and b) coating surfaces with NPs to prevent microbial adhesion 13 . In this study, we used the second mechanism and for the rst time silver
NPs were applied with etch-and-rinse and self-etch adhesive systems as pretreatment. The rationale was to achieve bene ts of antibacterial properties and perhaps positive effects on bond strength.
Although discoloration and color changing to a tone of gray are common problems in all materials containing silver, especially composite resins, in the present study we did not see silver spots by visual eye check on any tooth, but we did not check it with the microscope either. It is showed in the previous study that using low concentrations of metal NPs can prevent severe discoloration of composite resins. Therefore, according to previous studies we chose concentrations of 1% silver NPs to impart the less detrimental effect of these NPs on the color of composite resins 16 .
From this study it can be concluded that the bonding effectiveness of Clear l SE Bond can be improved by selectively use of silver NPs on the walls of the cavity. An antibacterial bonding agent at the tooth-restoration interface is very important because usually there are bacteria in the prepared tooth cavity.
In previous studies, primer and adhesives that contain silver NPs could kill the residual bacteria 8, 18 . Bacteria at the interface of the tooth-restoration margins could harm the dental pulp and also affect bond strength.
The primer could be an important vehicle to deliver antimicrobial agents such as silver NPs to kill bacteria in the tooth cavity because it has direct contact with dentin 10, 30 . Silver NPs has a strong antibacterial activity, low cytoxicity and acceptable biocompatibility with human cells, and a long-term antibacterial effect by means of sustained silver ion release The present study demonstrated that bond strength The present study measured dentin bond strength after one week of water-aging. More studies should be conducted to investigate the long-term bond durability of adhesive systems after long-term wateraging to investigate the effects of silver ion release and its effects on dental hard tissue remineralization, antibacterial characteristics, and the durability of the resin-dentin bond. In our in vitro study, we did not investigate the release of silver NPs into oral cavity and saliva, but these studies should be considered. It 
